ABSTRACT. Sufficient conditions for a random solution of random operator inclusions involving random multivalued operators satisfying a general contractive condition are obtained. A simultaneous random solution of the system of two random operator inclusions is also derived.
Introduction and preliminaries
Study of random fixed point theory was initiated by the Prague school of probabilists in the 1950s ( [11] , [21] ). But the interest in these problems was enhanced after the publication of a survey article by Bharucha-Reid [10] in 1976. In 1979, Itoh [13] extended Spacek's and Hans's theorem ( [11] , [12] ) to multivalued contraction mappings. Now this theory has become a full fledged research area and various ideas associated with random fixed point theory are used to obtain the solution of nonlinear random system (see, [2] , [3] , [4] , [5] , [6] , [7] , [17] , [18] and [20] ). Common random fixed point theorems are stochastic generalization of classical common fixed point theorems. Beg and Shahzad [8] , [9] and Shahzad and Latif [20] studied the structure of common random fixed points and random coincidence points of a pair of compatible random operators and proved several fixed point theorems for a pair of compatible random operators. We intend to consider a class of random multivalued operators satisfying more general contractive conditions and the existence of random solution of random 2000 M a t h e m a t i c s S u b j e c t C l a s s i f i c a t i o n: Primary 47H09, 47H10, 47H40; Secondary 54H25, 60H25. K e y w o r d s: random operator inclusion, random operators, random iterative process, metric space, measurable space.
. operator inclusions involving random multivalued operators belonging to this class is established. A common random solution of a pair of random operator inclusions in the setup of a separable complete metric space is also obtained. We first review the following concepts which are essential for our study in this paper.
Throughout of this paper, (Ω, Σ) denotes a measurable space (Σ-sigma algebra), R + = [0, ∞) and (X, d) is a separable complete metric space. Let 2 X be the family of all subsets of X, CB(X) all nonempty closed bounded subsets of X and C(X) all nonempty compact subsets of X respectively. For A, B ∈ CB(X), H(A, B) denotes the Hausdorff distance between A and B induced by the metric d on X. A multivalued mapping T : Ω → 2 X (or a single valued mapping
is a random operator if and only if for each fixed x ∈ X, the mapping
, that is, ξ is random solution of random operator equation x = f (ω, x), ω ∈ Ω and x ∈ X). We denote the set of all measurable mappings from Ω into X by M (Ω, X).
, whenever {f (ω, ξ n (ω))} is a Cauchy sequence for ω ∈ Ω, then X is called (T, f, ξ 0 (ω))-orbitally complete (see, for further details [16] ).
We denote the nth iterate
(for further details we refer to [14] ).
RANDOM SOLUTION OF RANDOM MULTIVALUED OPERATOR INCLUSIONS
If there exists a sequence {x n } in X such that lim
is either non-zero or nonexistent, then the mappings f and g are non-compatible.
Mappings f, g : X → X are weakly compatible if they commute at their coincidence points. Random operators S, T : Ω × X → X are compatible (noncompatible, weakly compatible) if S(ω, ·) and T (ω, ·) are so, for each ω ∈ Ω (see Beg and Shahzad [8] ).
Ò Ø ÓÒ 1.2º Let f : Ω × X → X and T : Ω × X → CB(X) be two random operators. The sequence {ξ n } of measurable mappings from Ω into X is said to be asymptotically T -regular with respect to f if
If we take f (ω, ·) = I(ω, ·) for every ω ∈ Ω, then we obtain asymptotically T -regular sequence {ξ n } of measurable mappings as defined in [9] .
for all x, y ∈ X, where k :
Remark 1.4º
The class of random multivalued operators satisfying contractive inequality given in Definition 1.3 includes the class considered in [9] . Also if we take α(ω) = 1, f (ω, x) = x for every ω ∈ Ω, we obtain the same contractive condition as was considered in [9, Corollary 3.2].
Ò Ø ÓÒ 1.5º Random operators S, T : Ω × X → X are said to satisfy property (A); if there exists a sequence {ξ n } of measurable mappings from Ω into X such that lim
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Note that non-compatible random operators satisfy property (A). The following example also illustrates the existence of two random operators satisfying property (A). Example 1.6. Let Ω = [0, 1] and Σ be the sigma algebra of Lebesgue's measurable subsets of [0, 1]. Take X = R with usual topology. Define two random operators T and S from Ω × X into X as follows,
and
otherwise. If, a sequence of measurable mappings ξ n : Ω → X is given by ξ n (ω) =
, for every ω ∈ Ω. So T and S satisfy condition (A).
Common random solutions
Beg and Shahzad [9] studied random coincidence point theorems for contractive type random operators on Banach spaces. In continuation, we obtain in this section the random solution of random operator inclusion
involving random operators satisfying more general contractive conditions than those considered in [8] and [9] . A common random solution of a pair of random operator equations is also obtained for the class of random operators which contains the class of non-compatible random operators.
Ì ÓÖ Ñ 2.1º Let f : Ω × X → X and T : Ω × X → CB(X) be two continuous random operators such that T (ω, X) ⊆ f (ω, X) for every ω in Ω and satisfy property (I). Let ξ 0 ∈ M (Ω, X) and f (ω, X) be (T, f)-orbitally complete at
has a random solution.
P r o o f. Let y 0 : Ω → X be a measurable mapping defined as y 0 (ω) = f (ω, ξ 0 (ω)), measurability of the mapping y 0 follows from [22] . Let ξ 1 : Ω → X be a measurable mapping such that the measurable mapping y 1 : Ω → X defined by y 1 (ω) = f (ω, ξ 1 (ω)) ∈ T (ω, ξ 0 (ω)). The existence of measurable mapping y 1 : Ω → X is due to Kuratowski and Ryll-Nardzewski [15] (see also [8] ). If k(ω) = 0, for every ω in Ω, then
and the fact that T (ω, X) ⊆ f (ω, X) for every ω in Ω, we may choose a measurable mapping ξ 2 : Ω → X so that the following holds valid for every ω ∈ Ω
Again using the fact that T (ω, X) ⊆ f (ω, X) for every ω in Ω and [18, Lemma 2.3], we obtain a measurable selector f (·, ξ 3 (·)) = y 3 : Ω → X of T (·, ξ 2 (·)) such that for an arbitrary ω in Ω, we have
Continuing in this way we obtain a sequence of measurable mappings such that for every ω in Ω and n > 0
It further gives
Using the definitions of L(ω, x, y) and M (ω, x, y), {f (ω, ξ n (ω))} is a Cauchy sequence in f (ω, X) for every ω in Ω. Since f (ω, X) is (T, f)-orbitally complete at ξ 0 (ω) for every ω ∈ Ω, therefore there exists a measurable mapping ξ :
Letting n → ∞, we obtain
for every ω ∈ Ω. Now, d(f (ω, ξ(ω)), T (ω, ξ(ω))) = 0 for every ω in Ω, if it does not hold for some ω ∈ Ω, then we have contradiction to the fact that, 0
RANDOM SOLUTION OF RANDOM MULTIVALUED OPERATOR INCLUSIONS
Ì ÓÖ Ñ 2.2º Let f : Ω × X → X and T : Ω × X → CB(X) be two continuous random operators such that T (ω, X) ⊆ f (ω, X) for every ω in Ω and x, y ∈ X, and satisfying the inequality
where, α i : Ω × R → [0, 1) is a mapping for i = 1, 2 and r is some fixed positive integer. Let T (ω, X) be orbitally complete for every ω ∈ Ω. If there exists an asymptotically T -regular sequence {ξ n } of measurable mappings with respect to f , then random operator inclusion f (ω, x) ∈ T (ω, x) (ω ∈ Ω, x ∈ X) has a random solution.
P r o o f. By hypothesis, we have
for each ω ∈ Ω. Here right hand side tends to 0 as n, m → ∞. This shows that {T (ω, ξ n (ω))} is a Cauchy sequence of measurable mappings in T (ω, X) for every ω ∈ Ω. Now orbital completeness of T (ω, X) allows us to obtain the measurable mapping ξ : Ω → X such that H(T (ω, ξ n (ω)), T (ω, ξ(ω))) → 0, for every ω ∈ Ω. By Itoh [13] , ω → T (ω, ξ(ω)) defines a measurable mapping from Ω into X. Using [18, Lemma 2.3] and the fact T (ω, X) ⊆ f (ω, X) for every ω in Ω, we may choose a measurable mapping η : Ω → X so that the following holds valid for every ω ∈ Ω , for every ω ∈ Ω. By using the weak compatibility of given random operators and contractive inequality we obtain that measurable mapping η : Ω → X, given by η(ω) = T (ω, ξ(ω)), is a desired random solution of random operator equations.
Remark 2.6º Theorems 2.1 and 2.5 are random version of the corresponding results of [1] and [19] .
